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(54) MOLTEN METAL HOLDING PIPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the strength and the shielding property of the molten metal by 
laminating an inorganic fiber sheet in a winding manner through an inorganic shielding layer containing an 
inorganic powder and an inorganic adhesive, and specifying the total mass of the inorganic powder and the 
inorganic adhesive to hold the molten metal without cracking even when it is held for a long time. 
SOLUTION: In a molten metal holding pipe, an inorganic fiber sheet is laminated in a winding manner througr 
an inorganic shielding layer containing an inorganic powder and an inorganic adhesive, and the total mass of 
the inorganic powder and the inorganic adhesive is not less than two times the mass of the inorganic fiber 
sheet. Because the molten metal holding pipe uses the inorganic fiber sheet such as a silica-alumina fiber, th( 
pipe is not cracked even when the molten metal is held for a long time, and it is excellent in strength. Also, the 
inorganic shielding layer containing a large volume of the inorganic powder such as feldspar and the inorganit 
adhesive such as silica sol is formed, and the shielding property of the molten metal is also excellent. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The molten-metal maintenance pipe which the winding laminating of the inorganic system fiber sheet is carriec 
out through the inorganic shielding layer containing inorganic fine particles and inorganic adhesive, and is characterized 
by the sum total mass of inorganic fine particles and inorganic adhesive being twice [ more than ] the mass of an inorgani 
system fiber sheet. 

[Claim 2] The molten-metal maintenance pipe according to claim 1 characterized by intermingling that whose thing and 
mean particle diameter of less than 10 micrometers mean particle diameter is 10-100 micrometers as inorganic fine 
particles. 

[Claim 3] The molten-metal maintenance pipe according to claim 1 or 2 characterized by the content of the alkali-metal 
oxide in the whole inorganic material being less than [ 2mass% ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a molten-metal maintenance pipe. It is related with the molten-metal 
maintenance pipe which can more specifically be used as the pipe for dead head formation at the time of cast 
manufacture, a pipe which constitutes the side-face part of the container for molten-metal extraction. 
[0002] 

[Description of the Prior Art] In case a casting was manufactured, in order to prevent a casting defect, the former to the 
dead head was required. However, since it is originally unnecessary, it is necessary to remove this dead head. Therefore, 
there was various futility, such as a point to which it is necessary to carry out melting of the metal of the point many 
which needs many metals by the dead head, and a point which needs to remove the dead head. 

[0003] In order to lose such futility, a dielectric coil is fitted loosely into the outside of the fireproof pipe which embedde 
at mold and was set up so that it may be open for free passage to a mold mold cavity, and the method of carrying out 
induction heating of the molten metal in a fireproof pipe with an induction coil at the time of metal teeming, and making 
the molten metal in a fireproof pipe solidify is learned. Since according to this approach the dead head can be made smal 
and it ends with few metals, the time and effort which carries out melting, the time and effort which removes the dead 
head are mitigable. 

[0004] By the way, the following thermal resistance is required for the fireproof pipe which occupies important specific 
gravity in this approach. That is, even if it twists 1,200 degrees C - 1,500 degrees C molten metal to hold for 20 - 40 
minutes, a fireproof pipe needs to be able to hold inside molten metal also by heating molten metal with a dielectric coil, 
without being divided. Therefore, although a pottery pipe and extrusion-molding tubing were used as this fireproof pipe, 
thermal shock resistance is low (weak), and since it was easy to generate a crack, it was difficult [ these fireproof pipes ] 
to use it. On the other hand, ceramic fiber was used, and since the fireproof pipe which carried out suction shaping was 
not able to have low reinforcement or was not able to cover molten metal, it was difficult to use it. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is made in order to solve the above-mentioned trouble, it can I 

held, without being divided even if it carries out long duration maintenance of the molten metal, and aims at 
reinforcement offering the pipe which is excellent in the electric shielding nature of molten metal. 
[0006] 

[Means for Solving the Problem] The winding laminating of the molten-metal maintenance pipe of this invention is 
carried out through the inorganic shielding layer in which an inorganic system fiber sheet contains inorganic fine particle 
and inorganic adhesive, and the sum total mass of inorganic fine particles and inorganic adhesive is a twice [ more than ] 
as many thing as the mass of an inorganic system fiber sheet. Thus, since the molten-metal maintenance pipe of this 
invention is using the inorganic system fiber sheet, even if it carries out long duration maintenance of the molten metal, i 
does not break, and is excellent also in reinforcement. Moreover, since the inorganic shielding layer which contains 
inorganic fine particles and inorganic adhesive in large quantities is formed, it excels also in the electric shielding nature 
of molten metal, 

[0007] In order that mean particle diameter may tend to arrange the molten-metal maintenance pipe with which the less 
than 10-micrometer thing and the thing whose mean particle diameter is 10-100 micrometers were intermingled in the 
condition with these precise inorganic fine particles as the above-mentioned inorganic fine particles, reinforcement can b 
raised more and the electric shielding nature of molten metal is also more excellent. 

[0008] Moreover, since the molten-metal maintenance pipe not more than 2mass% cannot produce melting point lowerin 
of a mineral constituent easily, the content of the alkali-metal oxide in the whole inorganic material is excellent in therms 
resistance, and it cannot produce a crack more easily. 
[0009] 

[Embodiment of the Invention] The inorganic system fiber sheet of this invention makes the inorganic fiber the subject sc 



that it may excel in thermal resistance, and thermal shock resistance is given to a molten-metal maintenance pipe by 
existence of this inorganic system fiber sheet. It is desirable that it is a nonwoven fabric so that it may excel in holdout, 
such as inorganic fine particles, as a mode of this fiber sheet, for example, although it can be textiles, knitting, and a 
nonwoven fabric. Although this suitable nonwoven fabric can be manufactured with the wet milling-paper method and 
dry process of a conventional method, it is more desirable to manufacture by the wet milling-paper method for excelling 
in homogeneity. 

[0010] As an inorganic fiber which constitutes this inorganic system fiber sheet, silica-alumina fiber, an alumina fiber, a 
silica fiber, a glass fiber, a carbon fiber, silicon carbide fiber, rock wool, one or more kinds of metal fibers, etc. can be 
used, for example. The silica-alumina fiber which is excellent in the maintenance nature of hot fiber reinforcement also ii 
these, an alumina fiber, a silica fiber, or silicon carbide fiber can be used suitably. 

[001 1] In addition, although the inorganic system fiber sheet in this invention should just contain the inorganic fiber 
beyond 50mass%, it contains the inorganic fiber beyond 70mass% preferably, and contains the inorganic fiber beyond 
90mass% more preferably. In addition, depending on heat-resistant fiber, such as aromatic polyamide fiber of a 
metasystem or the Para system, polyamidoimide fiber, polytetrafluoroethylene fiber, aromatic series polyether amide 
fiber, and Pori Daimler Benz imidazole fiber, and the case, a regenerated fiber, a semi-synthetic fiber, a synthetic fiber, a 
vegetable fiber, and an animal fiber can also be included within limits which do not have a bad influence on thermal 
resistance etc. as fiber other than the inorganic fiber which constitutes an inorganic system fiber sheet. 
[0012] As for the diameter of fiber of the fiber which constitutes this inorganic system fiber sheet, it is desirable that it is 
0.5-20 micrometers, and it is more desirable that it is 1-10 micrometers so that it may excel in homogeneity. Moreover, a 
for fiber length, it is desirable that it is 1mm or more so that it may excel in thermal shock resistance. In addition, when 
manufacturing a nonwoven fabric by the suitable wet milling-paper method, it is desirable that it is below manufacture to 
20mm length. 

[0013] As for the apparent density of this inorganic system fiber sheet, it is desirable that it is 0.05 - 0.5 g/cm3, and it is 
more desirable that it is 0.1 - 0.3 g/cm3 so that it may excel in thermal shock resistance and gestalt stability. 
[0014] The molten-metal maintenance pipe of this invention is pasted up through the inorganic shielding layer in which 
the above inorganic system fiber sheets contain inorganic fine particles and inorganic adhesive. As this inorganic 
adhesive, one or more kinds of cement, such as a silica sol, alumina sol, a zirconia sol, a silicate, phosphate or alumina 
cement, magnesia cement, and zirconia cement, can be used, for example. 

[0015] As inorganic fine particles, for example Moreover, a feldspar, a magnesia, the diatom earth, A silica, a silica 
alumina, a mullite, an alumina, an aluminum hydroxide, Zircon, a zirconia, titanium oxide, a magnesium oxide, a calciun 
oxide, A calcium silicate, a magnesium silicate, milt, milt balun, A pearlite, glass, glass balun, a dolomite, a chamotte, a 
mica, Cordierite, silicon nitride, boron nitride, silicon carbide, boron carbide, Clay minerals, such as metal system fine 
particles, carbon system fine particles or a kaolin, a bentonite, agalmatolite, talc, bayerite, a diaspore, sepiolite, 
attapulgite, a montmorillonite, hectorite, a synthetic fluorine mica, and a smectite, can be used. 
[0016] If the clay mineral is included also in these inorganic fine particles, it excels in thermal resistance and non-****, 
and moreover the viscosity of the mixed liquor of inorganic fine particles and inorganic adhesive can be adjusted, and 
since it is effective in making homogeneity distribute inorganic fine particles, it can be used suitably. As for this clay 
mineral, it is desirable to occupy 1 - 30mass% of the inorganic whole fine particles. When there is an inclination for 
adjustment of viscosity to become difficult less than [ lmass% ], and it to become difficult to make homogeneity 
distribute inorganic fine particles, 30mass% is exceeded, the inorganic shielding layer which the solution retention of 
mixed liquor becomes high and becomes from a lot of inorganic fine particles and inorganic adhesives cannot be formed 
or fine particles cannot invade into an inorganic system fiber sheet, it is because there is an inclination for reinforcement 
to fall, and it is 3 - 20mass% more preferably. In addition, as some above-mentioned clay minerals, sodium silicate, an 
ultrafine particle with a particle size of 1 micrometer or less, or an organic macromolecule may be used, and viscosity 
may be adjusted instead. 

[0017] Although mean particle diameter can use what is 0.1-100 micrometers as these inorganic fine particles, if a thing 
with a mean particle diameter of less than 10 micrometers and a thing with a mean particle diameter of 10 micrometers - 
100 micrometers are used together, since it is easy to arrange inorganic fine particles in the precise condition, and the 
reinforcement of a molten-metal maintenance pipe can be raised more or it excels also in the electric shielding nature of 
molten metal, it is suitable. Moreover, since the uniform inorganic shielding layer which contains a lot of inorganic fine 
particles and inorganic adhesives by using together can be formed, the effectiveness of excelling by the electric shielding 
nature of molten metal also does so. Furthermore, in the thickness direction of an inorganic system fiber sheet, since a 
difference can be prepared in the distribution condition of inorganic fine particles and inorganic adhesive, the 
effectiveness of being harder coming to generate a crack also does so. 

[0018] When using these inorganic fine particles together, as for the rate of a mass ratio of inorganic fine particles with a 
mean particle diameter of less than 10 micrometers and inorganic fine particles with a mean particle diameter of 10 
micrometers - 100 micrometers, it is desirable that it is 1:9-9:1, and it is more desirable that it is 3:7-7:3 so that the 



inorganic shielding layer containing a lot of inorganic fine particles can be formed, and so that it may excel in workabilit 
and a uniform inorganic shielding layer can be formed. In addition, inorganic fine particles with a mean particle diametei 
ofless than 10 micrometers and inorganic fine particles with a mean particle diameter of 10 micrometers - 100 
micrometers may be classes which are different even if it is the same class. Moreover, inorganic fine particles with a mej 
particle diameter of less than 10 micrometers and/or inorganic fine particles with a mean particle diameter of 10 
micrometers - 1 00 micrometers should just consist of one or more kinds. 

[0019] Moreover, as for the ratio (solid content) of inorganic fine particles and inorganic adhesive, it is desirable that it is 
99:1-50:50, and it is more desirable that it is 95:5-70:30 so that it may excel in adhesive strength, and so that the inorgani 
shielding layer containing a lot of inorganic fine particles and inorganic adhesive can be formed. 
[0020] Since the winding laminating of the inorganic system fiber sheet is carried out through the above inorganic 
shielding layers and the sum total mass of these inorganic fine particles and inorganic adhesive exists in large quantities 
more than (preferably 2.5 or more times, more preferably 3 or more times) with the twice of the mass of an inorganic 
system fiber sheet, the molten-metal maintenance pipe of this invention is excellent in the electric shielding nature of 
molten metal. 

[0021] Moreover, since it is it hard to produce melting point lowering of a mineral constituent that the content of the 
alkali-metal oxide in the whole inorganic material is less than [ 2mass% ] (preferably 1.5mass(es)% less than, more 
preferably lmass% less than, most preferably 0.5mass(es)% less than), and it is harder to produce a crack when molten 
metal is held, it is suitable. In addition, although an alkaline-earth-metal oxide has the operation smaller than an alkali- 
metal oxide which causes melting point lowering of a mineral constituent, since it has the operation which causes meltim; 
point lowering, it is desirable that the sum total content in the whole inorganic material of an alkali-metal oxide and an 
alkaline-earth-metal oxide is less than [ 3mass% ], it is more desirable that it is less than [ 2.5mass% ], and it is most 
desirable [ an oxide ] that it is less than [ 2mass% ]. This inorganic material means ingredients which consist of a mineral 
constituent which constitutes a molten-metal maintenance pipe, such as an inorganic fiber, inorganic fine particles, and 
inorganic adhesive. Therefore, as an inorganic fiber, silica-alumina fiber, an alumina fiber, a silica fiber, silicon carbide 
fiber, etc. can be used suitably. Moreover, as inorganic fine particles, the diatom earth, a silica, a silica alumina, a mullite 
an alumina, an aluminum hydroxide, zircon, a chamotte, a pearlite, a zirconia, titanium oxide, silicon nitride, boron 
nitride, silicon carbide, boron carbide, metal system fine particles, carbon system fine particles, etc. can be used suitably. 
Furthermore, as inorganic adhesive, a silica sol, alumina sol, a zirconia sol, etc. can be used suitably. 
[0022] Such a molten-metal maintenance pipe of this invention can be manufactured as follows, for example. First, an 
inorganic system fiber sheet, the mixed solution of inorganic fine particles and inorganic adhesive, and the core material 
(henceforth "a contractile core material") contracted by desiccation are prepared. 

[0023] Subsequently, it winds around a contractile core material, after giving the mixed solution of inorganic fine 
particles and inorganic adhesive to an inorganic system fiber sheet. For example, there are an approach of applying to on« 
side of an inorganic system fiber sheet, using spreading machines, such as a roll coater, a knife coating machine, and a 
curtain coating machine, as an approach of giving the mixed solution of inorganic fine particles and inorganic adhesive tc 
this inorganic system fiber sheet, the approach of sinking into the inorganic whole system fiber sheet by a sinking-in 
coating machine etc., etc. Also in these, if it applies only to one side with a spreading machine, since it is easy to control 
the amount of grants uniformly and excels also in work environment moreover, it is suitable. 

[0024] Moreover, as for the mixed solution of inorganic fine particles and inorganic adhesive, it is desirable that a lot of 
mixed solutions can be given in order to form an inorganic shielding layer. Therefore, as for the viscosity of a mixed 
solution, it is desirable that it is about 100-1 0,000cps. 

[0025] As the winding approach to the contractile core material of the inorganic system fiber sheet which gave the mixed 
solution of this inorganic fine particles and inorganic adhesive, there are a planospiral and the approach of winding 
spirally, for example. Moreover, although this inorganic system fiber sheet may be wound so that it may become how 
many layers on a contractile core material, it is desirable that it is uniform and reinforcement to wind so that it may 
become three or more layers so that it may excel in melting metal shield nature. 

[0026] Subsequently, where the inorganic system fiber sheet which gave the above-mentioned mixed solution is wound 
around a contractile core material, after drying, the molten-metal maintenance pipe of this invention can be manufactured 
by drawing out a contractile core material. That is, since the contractile core material swollen when the inorganic system 
fiber sheet which gave the mixed solution was wound around a contractile core material contracts when it dries, it can 
sample easily, without damaging a molten-metal maintenance pipe. 

[0027] Although it changes as this contractile core material with solvents which constitute a mixed solution, it is desirable 
to, use the contractile core material which consists of an ingredient of a cellulose system like paper or wood for example, 
when a solvent is a drainage system. When this solvent is a drainage system, more specifically, what cast a paper tube, loj 
material, the square bar, or a water soluble polymer can be used. 

[0028] Moreover, as the desiccation approach, it may heat or you may be an air dried. In addition, when air-dry, 
dehumidifying is more desirable so that it may be easy to sample a contractile core material. 



[0029] Although the example of this invention is indicated below, this invention is not limited to the following examples. 
[0030] 

[Example] (Examples 1-5, example of a comparison) By the wet milling-paper method, the inorganic system nonwoven 
fabric of 3 was manufactured surface density 100 g/m2 which combined silica-alumina fiber (the diameter of fiber of 2-3 
micrometers, fiber length of l-10mm) by 3mass(es)% vinylon, the thickness of 0.5mm, and the apparent density of 

0.2g/cm. 

[0031] Subsequently, only the amount which shows the water solution containing inorganic fine particles as shown in 
Table 1, and inorganic adhesive in Table 1 by the roll coater at one side of the above-mentioned inorganic system 
nonwoven fabric was applied. Subsequently, the planospiral of the inorganic system nonwoven fabric which applied the 
water solution containing inorganic fine particles and inorganic adhesive on the paper tube (the bore of 50mm, outer 
diameter of 60mm) which deck-watertight-luminaire-ization-processed the front face was carried out 5 times. Then, aftei 
drying for 10 hours, ventilating at 40 degrees C, said paper tube was sampled and cut out and the molten-metal 
maintenance pipe with a die length [ of 500mm ] and an outer diameter of 66mm was manufactured. 
[0032] 
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[0033] (Example 6) The molten-metal maintenance pipe with a die length [ of 500mm ] and an outer diameter of 66mm 
was manufactured completely like the example 1 except having applied the water solution containing inorganic fine 
particles as shown in Table 2, and inorganic adhesive to the same inorganic system nonwoven fabric as an example 1 by 
the roll coater (500g/m2). 
[0034] 
[Table 2] 
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[0035] (Winding workability) The result of the winding workability at the time of manufacturing each molten-metal 
maintenance pipe of examples 1-6 and the example of a comparison is shown in Table 1 and 2. When the inorganic fine 
particles whose inorganic fine particles and mean particle diameter of less than 10 micrometers mean particle diameter is 
10-100 micrometers are intermingled from these results, it turns out that it excels in winding workability. 
[0036] (Heat resistance test) The part from the lower limit of the molten-metal maintenance pipe of examples 1-6 and the 
example of a comparison to about 60mm was laid under the furan mold, respectively (it is a right angle to furan mold), 
and the lower limit of a molten-metal maintenance pipe was blocked. Subsequently, molten metal with a temperature of 
about 1,300 degrees C was poured in inside each molten-metal maintenance pipe from the lower limit of a molten-metal 
maintenance pipe to height of about 400mm. Subsequently, inside molten metal was heated with high-frequency- 
dielectric-heating equipment from the perimeter of a molten-metal maintenance pipe, and the temperature of molten met! 
was maintained for 30 minutes at about 1,300 degrees C. Then, the condition of each molten-metal maintenance pipe wa 
observed. This result is also shown in Table 1 and 2. 

[0037] From these results, if the content of the alkali-metal oxide in the whole (1) inorganic material is less than 

[ 2mass% ] If the sum total mass of excelling with thermal resistance, (2) inorganic fine particles, and inorganic adhesive 

is twice [ more than (especially 3 or more times) ] the inorganic system nonwoven fabric Excelling in thermal resistance 

more, when excelling in thermal resistance more and the inorganic fine particles whose inorganic fine particles and mear 

particle diameter of less than 10 micrometers (3) mean particle diameter is 10-100 micrometers are intermingled, ****, c 

** 

[0038] 

[Effect of the Invention] The winding laminating of the molten-metal maintenance pipe of this invention is carried out 
through the inorganic shielding layer in which an inorganic system fiber sheet contains inorganic fine particles and 
inorganic adhesive, and the sum total mass of inorganic fine particles and inorganic adhesive is a twice [ more than ] as 
many thing as the mass of an inorganic system fiber sheet. Thus, since the molten-metal maintenance pipe of this 
invention is using the inorganic system fiber sheet, even if it carries out long duration maintenance of the molten metal, i 
does not break, and is excellent also in reinforcement. Moreover, since the inorganic shielding layer which contains 
inorganic fine particles and inorganic adhesive in large quantities is formed, it excels also in the electric shielding nature 
of molten metal. 

[0039] In order that mean particle diameter may tend to arrange the molten-metal maintenance pipe with which the less 
than 10-micrometer thing and the thing whose mean particle diameter is 10-100 micrometers were intermingled in the 
condition with these precise inorganic fine particles as the above-mentioned inorganic fine particles, reinforcement can b 
raised more and the electric shielding nature of molten metal is also more excellent. 



[0040] Moreover, since the molten-metal maintenance pipe not more than 2mass% cannot produce melting point lowerin 
of a mineral constituent easily, the content of the alkali-metal oxide in the whole inorganic material is excellent in therm, 
resistance, and it cannot produce a crack more easily. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to a molten-metal maintenance pipe. It is related with the molten-metal 
maintenance pipe which can more specifically be used as the pipe for dead head formation at the time of cast 
manufacture, a pipe which constitutes the side-face part of the container for molten-metal extraction. 
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PRIOR ART 

[Description of the Prior Art] In case a casting was manufactured, in order to prevent a casting defect, the former to the 
dead head was required. However, since it is originally unnecessary, it is necessary to remove this dead head. Therefore, 
there was various futility, such as a point to which it is necessary to carry out melting of the metal of the point many 
which needs many metals by the dead head, and a point which needs to remove the dead head. 

[0003] In order to lose such futility, a dielectric coil is fitted loosely into the outside of the fireproof pipe which embedde 
at mold and was set up so that it may be open for free passage to a mold mold cavity, and the method of carrying out 
induction heating of the molten metal in a fireproof pipe with an induction coil at the time of metal teeming, and making 
the molten metal in a fireproof pipe solidify is learned. Since according to this approach the dead head can be made small 
and it ends with few metals, the time and effort which carries out melting, the time and effort which removes the dead 
head are mitigable. 

[0004] By the way, the following thermal resistance is required for the fireproof pipe which occupies important specific 
gravity in this approach. That is, even if it twists 1 ,200 degrees C - 1 ,500 degrees C molten metal to hold for 20-40 
minutes, a fireproof pipe needs to be able to hold inside molten metal also by heating molten metal with a dielectric coil, 
without being divided. Therefore, although a pottery pipe and extrusion-molding tubing were used as this fireproof pipe, 
thermal shock resistance is low (weak), and since it was easy to generate a crack, it was difficult [ these fireproof pipes ] 
to use it. On the other hand, ceramic fiber was used, and since the fireproof pipe which carried out suction shaping was 
not able to have low reinforcement or was not able to cover molten metal, it was difficult to use it. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The winding laminating of the molten-metal maintenance pipe of this invention is carried out 
through the inorganic shielding layer in which an inorganic system fiber sheet contains inorganic fine particles and 
inorganic adhesive, and the sum total mass of inorganic fine particles and inorganic adhesive is a twice [ more than ] as 
many thing as the mass of an inorganic system fiber sheet. Thus, since the molten-metal maintenance pipe of this 
invention is using the inorganic system fiber sheet, even if it carries out long duration maintenance of the molten metal, i 
does not break, and is excellent also in reinforcement. Moreover, since the inorganic shielding layer which contains 
inorganic fine particles and inorganic adhesive in large quantities is formed, it excels also in the electric shielding nature 
of molten metal. 

[0039] In order that mean particle diameter may tend to arrange the molten-metal maintenance pipe with which the less 
than 10-micrometer thing and the thing whose mean particle diameter is 10-100 micrometers were intermingled in the 
condition with these precise inorganic fine particles as the above-mentioned inorganic fine particles, reinforcement can b 
raised more and the electric shielding nature of molten metal is also more excellent. 

[0040] Moreover, since the molten-metal maintenance pipe not more than 2mass% cannot produce melting point lowerir 
of a mineral constituent easily, the content of the alkali-metal oxide in the whole inorganic material is excellent in therm; 
resistance, and it cannot produce a crack more easily. 
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TECHNICAL PROBLEM __ 

[Problem(s) to be Solved by the Invention] This invention is made in order to solve the above-mentioned trouble, it can b 
held, without being divided even if it carries out long duration maintenance of the molten metal, and aims at 
reinforcement offering the pipe which is excellent in the electric shielding nature of molten metal. 
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MEANS 



[Means for Solving the Problem] The winding laminating of the molten-metal maintenance pipe of this invention is 
carried out through the inorganic shielding layer in which an inorganic system fiber sheet contains inorganic fine particL 
and inorganic adhesive, and the sum total mass of inorganic fine particles and inorganic adhesive is a twice [ more than 
as many thing as the mass of an inorganic system fiber sheet. Thus, since the molten-metal maintenance pipe of this 
invention is using the inorganic system fiber sheet, even if it carries out long duration maintenance of the molten metal, 
does not break, and is excellent also in reinforcement. Moreover, since the inorganic shielding layer which contains 
inorganic fine particles and inorganic adhesive in large quantities is formed, it excels also in the electric shielding nature 
of molten metal. 

[0007] In order that mean particle diameter may tend to arrange the molten-metal maintenance pipe with which the less 
than 1 0-micrometer thing and the thing whose mean particle diameter is 10-100 micrometers were intermingled in the 
condition with these precise inorganic fine particles as the above-mentioned inorganic fine particles, reinforcement can 1 
raised more and the electric shielding nature of molten metal is also more excellent. 

[0008] Moreover, since the molten-metal maintenance pipe not more than 2mass% cannot produce melting point lowerii 
of a mineral constituent easily, the content of the alkali-metal oxide in the whole inorganic material is excellent in therm 
resistance, and it cannot produce a crack more easily. 
[0009] 

[Embodiment of the Invention] The inorganic system fiber sheet of this invention makes the inorganic fiber the subject s 
that it may excel in thermal resistance, and thermal shock resistance is given to a molten-metal maintenance pipe by 
existence of this inorganic system fiber sheet. It is desirable that it is a nonwoven fabric so that it may excel in holdout, 
such as inorganic fine particles, as a mode of this fiber sheet, for example, although it can be textiles, knitting, and a 
nonwoven fabric. Although this suitable nonwoven fabric can be manufactured with the wet milling-paper method and 
dry process of a conventional method, it is more desirable to manufacture by the wet milling-paper method for excelling 
in homogeneity. 

[001 0] As an inorganic fiber which constitutes this inorganic system fiber sheet, silica-alumina fiber, an alumina fiber, a 
silica fiber, a glass fiber, a carbon fiber, silicon carbide fiber, rock wool, one or more kinds of metal fibers, etc. can be 
used, for example. The silica-alumina fiber which is excellent in the maintenance nature of hot fiber reinforcement also 
these, an alumina fiber, a silica fiber, or silicon carbide fiber can be used suitably. 

[001 1] In addition, although the inorganic system fiber sheet in this invention should just contain the inorganic fiber 
beyond 50mass%, it contains the inorganic fiber beyond 70mass% preferably, and contains the inorganic fiber beyond 
90mass% more preferably. In addition, depending on heat-resistant fiber, such as aromatic polyamide fiber of a 
metasystem or the Para system, polyamidoimide fiber, polytetrafluoroethylene fiber, aromatic series polyether amide 
fiber, and Pori Daimler Benz imidazole fiber, and the case, a regenerated fiber, a semi-synthetic fiber, a synthetic fiber, ; 
vegetable fiber, and an animal fiber can also be included within limits which do not have a bad influence on thermal 
resistance etc. as fiber other than the inorganic fiber which constitutes an inorganic system fiber sheet. 
[0012] As for the diameter of fiber of the fiber which constitutes this inorganic system fiber sheet, it is desirable that it ii 
0.5-20 micrometers, and it is more desirable that it is 1-10 micrometers so that it may excel in homogeneity. Moreover, : 
for fiber length, it is desirable that it is 1mm or more so that it may excel in thermal shock resistance. In addition, when 
manufacturing a nonwoven fabric by the suitable wet milling-paper method, it is desirable that it is below manufacture t 
20mm length. 

[0013] As for the apparent density of this inorganic system fiber sheet, it is desirable that it is 0.05 - 0.5 g/cm3, and it is 
more desirable that it is 0. 1 - 0.3 g/cm3 so that it may excel in thermal shock resistance and gestalt stability. 
[0014] The molten-metal maintenance pipe of this invention is pasted up through the inorganic shielding layer in which 
the above inorganic system fiber sheets contain inorganic fine particles and inorganic adhesive. As this inorganic 
adhesive, one or more kinds of cement, such as a silica sol, alumina sol, a zirconia sol, a silicate, phosphate or alumina 
cement, magnesia cement, and zirconia cement, can be used, for example. 



[0015] As inorganic fine particles, for example Moreover, a feldspar, a magnesia, the diatom earth, A silica, a silica 
alumina, a mullite, an alumina, an aluminum hydroxide, Zircon, a zirconia, titanium oxide, a magnesium oxide, a calciui 
oxide, A calcium silicate, a magnesium silicate, milt, milt balun, A pearlite, glass, glass balun, a dolomite, a chamotte, a 
mica, Cordierite, silicon nitride, boron nitride, silicon carbide, boron carbide, Clay minerals, such as metal system fine 
particles, carbon system fine particles or a kaolin, a bentonite, agalmatolite, talc, bayerite, a diaspore, sepiolite, 
attapulgite, a montmorillonite, hectorite, a synthetic fluorine mica, and a smectite, can be used. 
[0016] If the clay mineral is included also in these inorganic fine particles, it excels in thermal resistance and non-****, 
and moreover the viscosity of the mixed liquor of inorganic fine particles and inorganic adhesive can be adjusted, and 
since it is effective in making homogeneity distribute inorganic fine particles, it can be used suitably. As for this clay 
mineral, it is desirable to occupy 1 - 30mass% of the inorganic whole fine particles. When there is an inclination for 
adjustment of viscosity to become difficult less than [ lmass% ], and it to become difficult to make homogeneity 
distribute inorganic fine particles, 30mass% is exceeded, the inorganic shielding layer which the solution retention of 
mixed liquor becomes high and becomes from a lot of inorganic fine particles and inorganic adhesives cannot be formec 
or fine particles cannot invade into an inorganic system fiber sheet, it is because there is an inclination for reinforcement 
to fall, and it is 3 - 20mass% more preferably. In addition, as some above-mentioned clay minerals, sodium silicate, an 
ultrafine particle with a particle size of 1 micrometer or less, or an organic macromolecule may be used, and viscosity 
may be adjusted instead. 

[0017] Although mean particle diameter can use what is 0.1-100 micrometers as these inorganic fine particles, if a thing 
with a mean particle diameter of less than 10 micrometers and a thing with a mean particle diameter of 10 micrometers ■ 
100 micrometers are used together, since it is easy to arrange inorganic fine particles in the precise condition, and the 
reinforcement of a molten-metal maintenance pipe can be raised more or it excels also in the electric shielding nature of 
molten metal, it is suitable. Moreover, since the uniform inorganic shielding layer which contains a lot of inorganic fine 
particles and inorganic adhesives by using together can be formed, the effectiveness of excelling by the electric shieldin 
nature of molten metal also does so. Furthermore, in the thickness direction of an inorganic system fiber sheet, since a 
difference can be prepared in the distribution condition of inorganic fine particles and inorganic adhesive, the 
effectiveness of being harder coming to generate a crack also does so. 

[0018] When using these inorganic fine particles together, as for the rate of a mass ratio of inorganic fine particles with 
mean particle diameter of less than 10 micrometers and inorganic fine particles with a mean particle diameter of 10 
micrometers - 100 micrometers, it is desirable that it is 1 :9-9:l, and it is more desirable that it is 3:7-7:3 so that the 
inorganic shielding layer containing a lot of inorganic fine particles can be formed, and so that it may excel in workabili 
and a uniform inorganic shielding layer can be formed. In addition, inorganic fine particles with a mean particle diamet( 
of less than 10 micrometers and inorganic fine particles with a mean particle diameter of 10 micrometers - 100 
micrometers may be classes which are different even if it is the same class. Moreover, inorganic fine particles with a me 
particle diameter of less than 10 micrometers and/or inorganic fine particles with a mean particle diameter of 10 
micrometers - 100 micrometers should just consist of one or more kinds. 

[0019] Moreover, as for the ratio (solid content) of inorganic fine particles and inorganic adhesive, it is desirable that it 
99:1-50:50, and it is more desirable that it is 95:5-70:30 so that it may excel in adhesive strength, and so that the inorgai 
shielding layer containing a lot of inorganic fine particles and inorganic adhesive can be formed. 
[0020] Since the winding laminating of the inorganic system fiber sheet is carried out through the above inorganic 
shielding layers and the sum total mass of these inorganic fine particles and inorganic adhesive exists in large quantities 
more than (preferably 2.5 or more times, more preferably 3 or more times) with the twice of the mass of an inorganic 
system fiber sheet, the molten-metal maintenance pipe of this invention is excellent in the electric shielding nature of 
molten metal. 

[0021] Moreover, since it is it hard to produce melting point lowering of a mineral constituent that the content of the 
alkali-metal oxide in the whole inorganic material is less than [ 2mass% ] (preferably 1.5mass(es)% less than, more 
preferably lmass% less than, most preferably 0.5mass(es)% less than), and it is harder to produce a crack when molten 
metal is held, it is suitable. In addition, although an alkaline-earth-metal oxide has the operation smaller than an alkali- 
metal oxide which causes melting point lowering of a mineral constituent, since it has the operation which causes meltii 
point lowering, it is desirable that the sum total content in the whole inorganic material of an alkali-metal oxide and an 
alkaline-earth-metal oxide is less than [ 3mass% ], it is more desirable that it is less than [ 2.5mass% ], and it is most 
desirable [ an oxide ] that it is less than [ 2mass% ]. This inorganic material means ingredients which consist of a miner 
constituent which constitutes a molten-metal maintenance pipe, such as an inorganic fiber, inorganic fine particles, and 
inorganic adhesive. Therefore, as an inorganic fiber, silica-alumina fiber, an alumina fiber, a silica fiber, silicon carbide 
fiber, etc. can be used suitably. Moreover, as inorganic fine particles, the diatom earth, a silica, a silica alumina, a mulli 
an alumina, an aluminum hydroxide, zircon, a chamotte, a pearlite, a zirconia, titanium oxide, silicon nitride, boron 
nitride, silicon carbide, boron carbide, metal system fine particles, carbon system fine particles, etc. can be used suitabl; 
Furthermore, as inorganic adhesive, a silica sol, alumina sol, a zirconia sol, etc. can be used suitably. 



[0*022] Such a molten-metal maintenance pipe of this invention can be manufactured as follows, for example. First, an 
inorganic system fiber sheet, the mixed solution of inorganic fine particles and inorganic adhesive, and the core material 
(henceforth "a contractile core material") contracted by desiccation are prepared. 

[0023] Subsequently, it winds around a contractile core material, after giving the mixed solution of inorganic fine 
particles and inorganic adhesive to an inorganic system fiber sheet. For example, there are an approach of applying to on 
side of an inorganic system fiber sheet, using spreading machines, such as a roll coater, a knife coating machine, and a 
curtain coating machine, as an approach of giving the mixed solution of inorganic fine particles and inorganic adhesive t 
this inorganic system fiber sheet, the approach of sinking into the inorganic whole system fiber sheet by a sinking-in 
coating machine etc., etc. Also in these, if it applies only to one side with a spreading machine, since it is easy to control 
the amount of grants uniformly and excels also in work environment moreover, it is suitable. 

[0024] Moreover, as for the mixed solution of inorganic fine particles and inorganic adhesive, it is desirable that a lot of 
mixed solutions can be given in order to form an inorganic shielding layer. Therefore, as for the viscosity of a mixed 
solution, it is desirable that it is about 1 00- 1 0,000cps. 

[0025] As the winding approach to the contractile core material of the inorganic system fiber sheet which gave the mixec 
solution of this inorganic fine particles and inorganic adhesive, there are a planospiral and the approach of winding 
spirally, for example. Moreover, although this inorganic system fiber sheet may be wound so that it may become how 
many layers on a contractile core material, it is desirable that it is uniform and reinforcement to wind so that it may 
become three or more layers so that it may excel in melting metal shield nature. 

[0026] Subsequently, where the inorganic system fiber sheet which gave the above-mentioned mixed solution is wound 
around a contractile core material, after drying, the molten-metal maintenance pipe of this invention can be manufacture 
by drawing out a contractile core material. That is, since the contractile core material swollen when the inorganic system 
fiber sheet which gave the mixed solution was wound around a contractile core material contracts when it dries, it can 
sample easily, without damaging a molten-metal maintenance pipe. 

[0027] Although it changes as this contractile core material with solvents which constitute a mixed solution, it is desirab 
to, use the contractile core material which consists of an ingredient of a cellulose system like paper or wood for example 
when a solvent is a drainage system. When this solvent is a drainage system, more specifically, what cast a paper tube, 1< 
material, the square bar, or a water soluble polymer can be used. 

[0028] Moreover, as the desiccation approach, it may heat or you may be an air dried. In addition, when air-dry, 
dehumidifying is more desirable so that it may be easy to sample a contractile core material. 

[0029] Although the example of this invention is indicated below, this invention is not limited to the following example: 
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EXAMPLE 



[Example] (Examples 1-5, example of a comparison) By the wet milling-paper method, the inorganic system nonwoven 
fabric of 3 was manufactured surface density 100 g/m2 which combined silica-alumina fiber (the diameter of fiber of 2-2 
micrometers, fiber length of 1-1 0mm) by 3mass(es)% vinylon, the thickness of 0.5mm, and the apparent density of 

0.2g/cm. 

[0031] Subsequently, only the amount which shows the water solution containing inorganic fine particles as shown in 
Table 1, and inorganic adhesive in Table 1 by the roll coater at one side of the above-mentioned inorganic system 
nonwoven fabric was applied. Subsequently, the planospiral of the inorganic system nonwoven fabric which applied the 
water solution containing inorganic fine particles and inorganic adhesive on the paper tube (the bore of 50mm, outer 
diameter of 60mm) which deck-watertight-luminaire-ization-processed the front face was carried out 5 times. Then, aft( 
drying for 10 hours, ventilating at 40 degrees C, said paper tube was sampled and cut out and the molten-metal 
maintenance pipe with a die length [ of 500mm ] and an outer diameter of 66mm was manufactured. 
[0032] 
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[0033] (Example 6) The molten-metal maintenance pipe with a die length [ of 500mm ] and an outer diameter of 66mm 



was manufactured completely like the example 1 except having applied the water solution containing inorganic fine 
particles as shown in Table 2, and inorganic adhesive to the same inorganic system nonwoven fabric as an example 1 by 
the roll coater (500g/m2). 
[0034] 
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[0035] (Winding workability) The result of the winding workability at the time of manufacturing each molten-metal 
maintenance pipe of examples 1-6 and the example of a comparison is shown in Table 1 and 2. When the inorganic fine 
particles whose inorganic fine particles and mean particle diameter of less than 10 micrometers mean particle diameter 
10-100 micrometers are intermingled from these results, it turns out that it excels in winding workability. 
[0036] (Heat resistance test) The part from the lower limit of the molten-metal maintenance pipe of examples 1-6 and tl 
example of a comparison to about 60mm was laid under the furan mold, respectively (it is a right angle to furan mold), 
and the lower limit of a molten-metal maintenance pipe was blocked. Subsequently, molten metal with a temperature oi 
about 1,300 degrees C was poured in inside each molten-metal maintenance pipe from the lower limit of a molten-meta 
maintenance pipe to height of about 400mm. Subsequently, inside molten metal was heated with high-frequency- 
dielectric-heating equipment from the perimeter of a molten-metal maintenance pipe, and the temperature of molten me 
was maintained for 30 minutes at about 1,300 degrees C. Then, the condition of each molten-metal maintenance pipe w 
observed. This result is also shown in Table 1 and 2. 

[0037] From these results, if the content of the alkali-metal oxide in the whole (1) inorganic material is less than 
[ 2mass% ] If the sum total mass of excelling with thermal resistance, (2) inorganic fine particles, and inorganic adhesr 
is twice [ more than (especially 3 or more times) ] the inorganic system nonwoven fabric Excelling in thermal resistanc 
more, when excelling in thermal resistance more and the inorganic fine particles whose inorganic fine particles and me; 
particle diameter of less than 10 micrometers (3) mean particle diameter is 10-100 micrometers are intermingled, ****, 
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©tt«B loo-io, ooocp seirc**©**? 
*u>. 

[0 02 5 3 £©MSM^jfe«I^N 4 ©&£«£* 
5. *fc. c©«^S«ti/-h«WfeW±«:fsiJi 

[0026] JRMttKfttC±KH^»K4ff# 



1 1 -2 5409 1 

6 

SUMS*'"* -f ^«Hir S C 4 & < $£<c&«]R* C 4 
AS-CS5©?**. 

[0 0 2 7 ] t©iRffi1£B;tf 4 t,TB. ffl^«IR««|jft 
+*i6*KJ:-»ril&&*J. flWtf, $*«#*&©$£ 
KB. iE*3Wt©J:9ft*JHa-^*<OttW*6ft4iR 

©i§s?#**©i#&. «t. 
[ o o 2 8 ] *fc. lejBErffit ottt. aisirfeit 

tSWSWWW. Off* U>. 

[0029] OTK*»wc«»«*ia«r*#. ** 

[0 0 3 0 ] 

mmm) (satwi-5. Jttm> aeawssKj; 

1-1 0mm) *3mas s«©#'J tT-^T^a-;!/ 
•tCt§l/fc, ESSlOOg/m 2 . flESO. 5m 
m, JUWftO. 2g/cm 3 ©te»*^ft£$eiL 

[0 03 1 ] *^-c, * 1 «CtW J: 5 WfetMMt£ftfll 
8«»J4£ilrts*!§?&£. n-*3-#-»Kj;0iJB* 

^^s^©m-mk^ i K.m&mm;btc. yy,* 

T. MtttMtMBl/fcrKt (ftS5 0mm, ftg6 
Omm) ±K. «${$4^g«?PJ4*£tMf<¥§irl£ 
IIWUfcl*WWW*5H¥**0fc. 4 0 

BXQ k fSSfOT. S3 5 0 0mm. 6 mm©$f& 

[0032] 

tan 



(5) iff gg¥l 1 -2 54 09 1 



7 8 











|J»3 


«M4 








(g/m 2 ) 


1 00 


10 0 


1 0 0 


100 


100 


100 


* 


dm~a.<n m m 
(mas s*S) 


20 


20 


20 


20 


20 


20 


% 

m 


8& 002-10 Jim 

(ma s s%) 


10 


1 0 


1 0 


10 


1 0 


1 0 


BE 
IB 


1-10 /in 
(mjs8«) 


40 


30 


70 


— 


40 


40 


fit 


ea lo-ioo u m 

(mas stt) 


30 
— ~ — 


20 


- 


70 


80 


ao 


« 


ft S« 

tfcg 1— lOjKm 
(ma s s?6) 




30 












ft IE 

(CPS) 


5,0 0 0 


5,0 0 0 


5,000 


5,0 0 0 


5,0 00 


5,0 0 0 




(s/m 2 ) 


500 

(5) 


500 
(5) 


500 
(5) 


500 

(5) 


250 
(2.5) 


150 
(1.5) 






Jiff 


JW? 






m 






(massK) 


0 

(1.9) 


2.3 

(4.2) 


0 

(1.9) 


0 

(1.9) 


0 

(1.7). 


0 

(1.4) 




if &tt" 6 


o ■ 


A 


O 


O 


A 





#l;MgO*23nnBs«*S 
#2 ;Na z O, KjOfcSmass*^ 

#3 ; ®%ti\mm™i$<m&'m-zmmkwmmm<^mm>m m 



# 5 ; o • ■ timm&KToM mmtitKi 

a - - mmtm'^Ti^-^Mtcaio, tmati l, 

[0033] (MttMe) *2fc^J:9ttllflHMt£ 0 mm. ^6 emmOMHAfffiW^ ^tWBL 
ftgHH^£€Sfr*£»£. B-*a-*-KJ:»>, 30 fc. 
*5fe«l<!:PID^^»^(cW(5 0 0 g/m ! ) [0 0 3 4] 



9 











Cg/m 2 ) 


100 


ft 

m 


fcfcg 0.01-0.02 /im 
(mass«) 


18 


a 


(mai)» 


18 


re 


(ma s s» 


36 


* 


&2 10-100 Am 
Cmas sW 


28 


JiE 


Ccps) 


5,0 00 


& 


mm> '» 

Cs/m 2 ) 


500 
(5) 










(mass%) 


0 

(0) 






O 
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[0035] < m®r?m£ ) mmm i - 6 s^ittm© 

#H«ttC[««?:SlRf>'S2K^-r < , ZtlZiDmM 
*>6> TOSiAilO um*iii§©MgWi¥;f&&&# 
1 0-1 0 Q um(Dmim#£&-ffl±LX\.>i>t, #@ 

f^tttcffin-c t» * c i s . 

[0036] dMkttKR) gJtffl 1 - 6 RCflfcttW© 

ft) i/c. asB^ff^/^T'io-pwttfai/fc. 

■C. **i*h©jgBfcfeMfi»^-f ^©«IBtc:«BEftl , 

»4 0 0mmOl8fCttAOJfc. fttt&M* 
«Mt -f ^©MH^eMI©)@lg#R^ia®^^iM^ 
wcfcoaofcLr. ttM^Hoaatfti ,3oo-c«c 
3oanMi*#Lfc. *n*n©»BKaii«Hf-'t 

^©#flg*tl?gUc. COtiftfeftl SCOURS* 

T. 

[0037] Cft6©*S**»&. ( 1 ) jlAWMflEK 
tot* S T gRMffttOd*** 2 m a s s ««T 
B«itt«:J;»)**xri»SCi. (2)ftMtt 
#<fc«®#SfiJ©^ti-^JI^«^»© 2 ftJBlt 



£ . IkV < 3 ) Jpfettg* 1 0 ji m*?S§©«&fti¥ 
10-10 0-(um<D««M9(ti*JiBfiL"Cl>* 

[0038] 

o^mmmmmm^- h ©us© 2 «h±© *> © 

"Cab*. C ©«fc 5 CC&ffiagH&IKfttt'-t 7Kftft 

4. 

[0039] JJBfeflH9ft£ l/C. ¥*9tt8# 1 0 win 
*^fc©&¥*ttS*il 0-100 um<Dh<Dltm 

[0 04 0] *fc, MMfH^#(c4}t*«7^>J^JR 
Wl*©*&**»2 mass ««TO««yaifiWM^-f 



